Experimental Section

Materials
All reactions were performed under nitrogen atmosphere using standard air-free techniques.
Anhydrous dimethylsulfoxide, anhydrous dimethylformamide, hexane, trioctylphosphine (97%), Ni(acac)2 (95%), oleylamine (70%) were used as received from Sigma Aldrich. Black phosphorus 1 and nickel nanoparticles 2 were prepared according to literature procedures.
Preparation of few-layer black phosphorus (2D BP):
Black phosphorus (BP) (5.0 mg) was put in a vial and dry dimethylsulfoxide (5.0 mL) and deoxygenated distilled water (3 µL -5 µL) were added.
The vial was sealed under nitrogen and exposed to ultrasound for 120 hours at a power of 200 W and 37 kHz. The sonication bath was constantly kept at 37 °C and in the dark. Afterwards, the vial was opened, degassed acetone was added (25.0 mL), and the suspension was centrifuged for 90 minutes at 6000 rpm. The colorless surnatant was removed, fresh acetone (25.0 mL) was added, and again the suspension was centrifuged at 6000 rpm for 90 min. The resulting dark grey powder was re-suspended by sonication (approximately one minute) in the desired organic solvent, (DMSO, THF, acetone, 2-propanol) and stored under nitrogen in the dark. The purity of the material was checked by ICP-MS. 
Synthesis of Ni NPs.
To solid Ni(acac)2 (50.0 mg, 0.194 mmol), oleylamine (640 µL,1.362 mmol) and trioctylphosphine (70 µL, 0.152 mmol) were added under nitrogen. The mixture was heated up to 220°C in 15 minutes under nitrogen and kept at this temperature for two hours, following a published procedure. 2 The average Ni NPs diameter was 11.4 nm with a standard deviation of 1 nm, see figure S5 below. 
Immobilization of Ni NPs on phosphorene (Ni/2D BP)
All the samples used in the catalysis and shown in the pictures were prepared as follows:
To a freshly prepared suspension of few-layer BP in THF (1. After that, the autoclave was cooled down to room temperature with ice and depressurized.
Ultracentrifugation of the reaction mixture for 5 minutes at 10000 RPM allowed the heterogeneous catalyst to settle down. The colourless supernatant liquid was analyzed by gas chromatography and mass spectrometry. To the black solid catalyst, a fresh solution of phenylacetylene in tetrahydrofuran/toluene (3:1) was added, and a new catalytic run was launched. Reaction conditions: 10 bar H2, 80 °C, 1 hour, Ni NPs = 1.8 mol%, phenylacetylene: 0.30 mmol, 1.51 mg Ni/2D BP (20.6 wt% Ni). Both conversion and selectivity were evaluated by gas chromatography and gas chromatography interfaced with mass spectrometry (GC-MS).
Characterization
Transmission electron microscopy. TEM studies were carried out using a Philips instrument operating at an accelerating voltage of 100 kV. Few drops of the Ni NPs on 2D BP suspension in isopropanol were placed on the TEM lacey copper/carbon grid, air dried, and measured.
Atomic-resolution characterization by STEM was performed with a probe spherical aberrationcorrected JEOL ARM200CF, equipped with a Ceos hexapole-type Cs corrector, named CESCOR.
The electron gun is a cold-field emission gun with an energy spread of 0.3 eV. The microscope was operated at a primary beam energy of 60 keV at which it is capable to deliver a probe size of 1.1 Å.
Images were acquired in Z-contrast mode, by using the Gatan HAADF detector with a beam illumination angle of 33 mrad and a collection angle of 90 mrad. To improve the signal-to-noise ratio of the HAADF-STEM, a low-pass filtering of the images was applied. A last generation post-column energy filter, GIF Quantum ER, was used as EELS spectrometer, and EELS chemical maps were nearly simultaneously acquired to the HAADF-STEM images by using the 2D Spectrum Imaging (SI) capability. Powder X-ray diffraction data were collected with an X'Pert PRO diffractometer with Cu-Kα radiation (λ = 1.5418).
Raman spectroscopy was performed using a Renishaw inVia system equipped with a 532 nm laser and a motorised stage for 2D mapping of samples. A laser spot size of approximately 2 μm in diameter was used.
UV-Vis absorption spectra were recorded using a Shimadzu 2600 spectrophotometer. Samples were tested using tetrahydrofuran as solvent in stoppered quartz cuvettes having 10 mm path length. 
